The addition reactions of α,α-difluoroiodomethyl n-butyl ketone, α,α-difluoroiodomethyl cyclohexyl ketone, or α,α-difluoroiodomethyl phenyl ketone to alkenes were successfully accomplished in good yields in the presence of copper powder. The reaction was also applicable to alkenes containing a variety of functional groups such as ester, trimethylsilyl, or ether group. Acetonitrile was determined to be the best solvent in the present study and the reaction was performed at 55 o C for 15-22 h. This reaction provides a new, efficient and general method for the synthesis of α,α-difluoro functionalized ketones.
Introduction
The organic compounds with selectively introduced difluoromethylene group have been known to exhibit important biological properties such as the inhibitory effects on various enzymes, 1 antibiotic, 2 anti-human immunodeficiency virus (HIV), 3 anticancer and antihypertensive effects. 4 Difluoromethylene group has been generally introdued to organics by the methods previously reported as follows. The addition of perfluoroalkyl iodide to alkenes was performed in the presence of various catalysts such as titanium, 5 benzoylperoxide, 6 sodium dithionite 7 and organophosphines. 8 The Reformatsky reaction was used to prepare α,α-difluoro-β-hydroxy carbonyl compounds from the reaction of aldehydes with α-chloro-α,α-difluoromethyl ketones 9 or α-bromo-α,α-difluoro acetates. 10 The addition of ethyl bromodifluoroacetate to alkenes was carried out using nikel chloride or copper powder as a catalyst. 11 The transformation of carbonyl group to difluoromethylene group utilizing (diethylamino)sulfur trifluoride (DAST) was reported. 12 In addition, difluoromethylene ketone was recently reported to be introdued to the electron-deficient olefins using UV irradiation, 13 while palladium catalyst was used for the addition to electron-rich olefins. 14 However, since the experimental procedure required for the photoreaction involving the repeated freezing under liquid nitrogen and degassing processes is complicated, this method could be limited in general utilization. Moreover, palladium is expensive and limited numbers of method are available for the addition of difluoromethylene group to electron-rich olefins. As a preliminary result, we briefly described the addition of α,α-difluoroiodomethyl cyclohexyl ketone to alkenes in the presence of copper. 15 We report here the detailed results concerning the addition of α,α-difluoroiodomethyl phenyl ketone, α,α-difluoroiodomethyl cyclohexyl ketone and α,α-difluoroiodomethyl n-butyl ketone to alkenes, respectively, with a variety of functional groups such as trimethylsilyl, ether and ester group in the presence of copper.
Results and Discussion
The starting compounds in this study, α,α-difluoroiodomethyl phenyl ketone (2a), α,α-difluoroiodomethyl cyclohexyl ketone (2b) and α,α-difluoroiodomethyl n-butyl ketone (2c), are readily obtained from chlorodifluoroacetic acid (1) using the Grignard reaction followed by the Reformatsky reaction 16 (Scheme 1). The difluoroiodomethyl ketone compounds were reacted with alkenes having various functional groups (Scheme 2) such as vinyltrimethylsilane (3a), ethyl acrylate (3b), vinyl-1,3-dioxolane (3c), 3,3-diethoxy-1-propene (3d), methyl 3-butenoate (3e), allyl phenyl ether (3f) and allyl propyl ether (3g). The addition of 1.2 to 2 equivalents of olefins to α,α-difluoroiodomethyl ketones (1a, 1b, 1c) was successfully carried out in acetonitrile at 55 °C for 15 to 22 h in the presence of 30 mole Scheme 1 % copper powder. The reaction products were obtained with 40 to 97% yields (Table 1) .
All the products were identified using The addition products formed from the reaction of α,α-difluoromethylphenyl ketone with various alkenes with the exception of ethyl acrylate were obtained with slightly higher yields (3-5%) than those formed from α,α-difluoroiodomethyl cyclohexyl ketone or α,α-difluoromethyl n-butyl ketone. Considering the functional groups of alkene, the reaction with the electron-rich olefin (3a) having trimethylsilyl group gave the addition product in the highest yield (> 90%). By contrast, the electron-deficient olefin (3b) afforded the lower yields of the adducts in the reaction with the difluoroiodomethyl ketones (2). These results indicate that the mechanism of addition reaction has a similarity to that suggested for the reaction of iododifluoromethyl ketones with normal alkenes using Pd(0) catalyst.
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Therefore, electron scavengers or radical inhibitors are expected to inhibit the addition reaction including a single electron transfer process. The radical mechanism was supported by the observation that 2a was not reacted with 3a under the same reaction conditions in the presence of 30 mole % dinitrobenzene. The detail mechanism of the current reactions has been proposed in Figure 1 .
In order to improve the yield of addition, the reaction of α,α-difluoroiodomethyl phenyl ketone (2a) with trimethylsilane (3a) in presence of copper was allowed in a variety of solvents. When methylene chloride, acetonitrile, n-hexane, THF, DMDO, DMF and ethyl acetate were employed for the reaction, acetonitrile was determined to be the best solvent. It is noteworthy that the coordinating solvents such as DMSO, DMF and THF gave low yields (Table 2) . Scince the fluorination of biologically important molecules has resulted in dramatic changes and distintive modifications in their biological activities, 18 many efforts have been made to design the efficient methods for the synthesis of selectively fluorinated compounds. Although the recent methods using Pd(0) catalyst and UV irradiation may be general ways to prepare the adducts of difluoroiodomethyl ketones with olefins, this method provides a simple and more efficient approach to the introduction of α,α-difluoromethylene group to various olefins.
Experimental Section
General experimental procedures. NMR spectra were recorded in CDCl 3 using a JEOL Eclipse 500-MHz spectrometer, and 
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F NMR spectra were referenced relative to an internal CFCl 3 . All mass spectra analyses were performed at 70 eV in electron impact mode. The IR spectra were obtained on a JASCO FT/IR-5300.
General procedure used to prepare the addition products (4). To a solution of α,α-difluoroiodomethyl ketone (2, 0.1 mol) and activated copper powder (0.015 mol) in dry acetonitrile (100 mL), olefin (3, 0.12 to 0.20 mol) was dropped under N 2 gas (Scheme 2), and the mixture was heated at 60 °C for 15 to 22 h. The reaction mixture was cooled to room temperature, and the solvent was evaporated. The resulting residue was partitioned between diethyl ether and water, and the diethyl ether layer was dried with MgSO 4 . After the solvent was evaporated under reduced pressure, the residue was applied onto a silica gel column to afford compound 4. .
2,2-Difluoro-4-iodo-1-phenyl-4-trimethylsilyl-1-butanone (4aa).

1-Cyclohexyl-2,2-difluoro-4-iodo-4-trimethylsilyl-1-butanone (4ba).
Methyl-6-cyclohexyl-5,5-difluoro-3-iodo-6-oxohexanoate (4be).
